
EP 0 505 363 B1 Description CROSS-REFERENCE TO RELATED APPLICATIONS 5
DISK DRIVE SYSTEM CONTROLLER ARCHITECTURE, Serial No. 057,289, filed June
2,1987, assigned to the assignee of the present application; DISK DRIVE
SOFTWARE SYSTEM ARCHITECTURE, Serial No. 057,806, filed June 2, 1987,
assigned to the assignee of the present application; LOW-POWER, HARD DISK
DRIVE SYSTEM ARCHITECTURE, Serial No. 152,069, filed February 4, 10  1987,
assigned to the assignee of the present application; MAGNETIC PARKING
DEVICE FOR DISK DRIVE, Serial No. 269,873, filed November 10, 1988,
assigned to the assignee of the present application; and DISK DRIVE SYSTEM
USING MULTIPLE EMBEDDED QUADRATURE SERVO FIELDS, Serial No. 386,504, filed
July 27, 1989, assigned to the assignee of the present application; 15
Each of these Related Applications is hereby incorporated by reference.
BACKGROUND OF THE INVENTION Field of the Invention 20 The present invention
relates to disk drives; more particularly, to high performance disk drives
having mul- tiple actuators. Description of the Related Art 25 Conventional
disk drives for use in work stations, personal computers, portable
computers, and lap top computers, utilize a single actuator to position a
single head with respect to each disk surface. Such disk drives often
incorporate a plurality of disks organized in a stack, and a plurality of
heads associated with correspond- ing ones of the disk surfaces. All of the
heads are supported and positioned by the single actuator. During op- 30
eration, only a single head reads or writes information from or to each
disk surface. Greater demands are being placed on diskdrives by (1) the use
of multi-user and/or multi-tasking operating systems, (2) work stations
which provide an operating environment requiring the transfer of large
amounts of data to and from a hard disk and/or large numbers of disk
accesses to support large application programs or multiple users, and (3)
the continuing trend toward higher performance microprocessors. The demands
on disk 35  drives include higher data transfer rates along with greater
access to data. To satisfy these demands, it has become desirable to
increase the performance of hard disk drives beyond the performance levels
which can be achieved by reducing access times of single actuator disk
drives. (The access time of a disk drive is conventionally known as the
average seek time determined by dividing the total time required to seek
between all possible ordered pairs of track addressed by the total number
of ordered 40  pairs addressed.) Although access times are one factor which
determines drive performance, other factors, including the data transfer
rate (both to and from the media and to and from the internal buffer of a
disk drive), the overhead imposed by the electronics of the disk drive, and
the average latency time, all effect the perfor- mance of a disk drive.
Conventional disk drives having a single actuator provide performance
levels limited by the following fac- 45  tors: (1) Only one track on any
one data surface can be accessed at a given time; as a corollary,
considering all of the heads, only one cylinder can be accessed at a given
time (a cylinder is a vertically oriented segment representing the same
track on the surfaces of all of the disks). (2) It is difficult, if not
impossible, to simulta- neously operate any two heads mounted on a single
actuator. (3) In a multi-user or multi-tasking environment one process
which is a disk intensive activity substantially reduces the ability of any
other process to access 50  data. One conventional approach to enhancing
access to data is to construct a disk drive using the so-called
"head-per-track" approach, where one head is dedicated to each track on
each disk surface. This approach is not practical for the large track
densities (on the order of 1,000 or more tracks per inch) where thousands
of heads would be required for each disk surface. In the environment of a
workstation, personal computer, or 55  portable computer, the electronics
required to operate such a large number of heads and the space required for
the structural components necessary to support these heads would make it
unfeasible to employ the head- per-track approach. Another conventional
approach to enhancing access to data divides the cylinders into multiple
zones and 2   



EP 0 505 363 B1 utilizes multiple actuators and multiple heads per surface.
For a given surface, each actuator positions one head only with respect to
one of the multiple zones. One example of this approach is Illustrated in
U.S. Patent No. 4,577,240. The multi-zone approach is equivalent to
providing two separate logical disk drives which can not access each
other's data, and does not enhance performance for any one zone of the disk
drive. 5      U.S. Patent No. 4,270,154 also shows such an approach
involving the use of actuators which support mul- tiple heads in a vertical
line which defines a cylinder, each head being associated with a
corresponding one of the data surfaces of the disk drive. Because it is
generally faster to electronically switch the head which is active than to
perform a seek to a new track, the storage area of a disk drive is filled
by cylinders. During the recording process, the actuator positions the
heads at a selected cylinder and all of the tracks associated with 10  the
selected cylinder are filled with data by performing head switches. Then, a
seek is performed and data is recorded in the next selected cylinder. The
track densities currently in use are such that two sets of heads can not be
aligned to have all heads on track for all tracks in a cylinder. This
mechanical misalignment presents the same problems as mechanical
off-tracking in a single actuator disk drive. Accordingly, a cylinder
formatted by one group of heads can not be efficiently used by another
group of heads. 15      Avariation on the multiple zone approach is
disclosed in the U.S. Patents Nos. 4,318,145,4,331,990, and 4,423,448.
These patents disclose disk drives having multiple actuator modules, each
actuator module having multiple actuators. The actuator modules are
arranged so that the head supported and positioned by each ac- tuator
primarily services a selected group of tracks and services a second group
of tracks as a backup. Any particular track is capable of being serviced by
at least two heads. The back-up feature is used in the event 20  that the
primary head Is inoperative, or to optimize data access by utilizing the
back-up head to service some of the tracks which the primary head is
intended to service while the primary head is occupied reading data from
other tracks. The lack of positioning control between the actuators in the
various actuator modules and the imprecise positioning of the heads
provided by the linear actuators utilized in this approach makes it dif-
ficult if not impossible to provide a high data density or a high
performance disk drive suitable for the envir- 25  onment of a work
station, personal computer, portable computer, or lap top computer. SUMMARY
OF THE INVENTION It is, therefore, an object of the present invention to
provide a disk drive having enhanced data access ca- 30  pabilities. A
further object of the present invention is to provide a disk drive having
an Increased data transfer rate. Another object of the present invention Is
to provide a disk drive having a reduced latency time. Another object of
the present invention is to provide a multiple actuator disk drive having a
form factor suit- able for use in work stations, desk top computers,
personal computers, or portable computers. 35      Another object of the
present invention is to provide a multiple actuator disk drive in which at
least two groups of heads positioned by separate actuators are able to
efficiently access the same data tracks. Another object of the present
invention is to provide a multiple actuator disk drive which is capable of
si- multaneously reading data from a selected track with two or more heads.
We will describe a multiple actuator disk drive in which at least two
heads, supported and positioned by 40  respective actuators, read data from
and write data to at least one common track on the surface of a disk, with
the positioning of each head by the respective actuators being controlled
by embedded servo-information. In the preferred embodiment a disk drive
having five disks, each disk having data track with a track density of
approximately 2300-2400 tpi, two actuators, and a half height [err] form
factor has a 500Mb data capacity, an approximately 8.5msec access time, and
a 4Mb persecond data transfer rate. The disk drive uses a horizontal 45
data structure in which data is recorded sequentially on all of the tracks
of one data surface before data is recorded on the next data surface. The
horizontal data structure eliminates the problems associated with
mechanical off-tracking and allows two or more groups of heads to more
efficiently read data than if the tracks were aligned in cylinders. The
present invention provides a disk drive, comprising a housing; at least one
disk; the or each said disk 50  having a first and second surface each
provided with a plurality of tracks for storing data; means for mounting
the or each said disk in said housing and for rotating the or each said
disk; first and second transducer groups each interacting with first and
second surfaces of the or each said disk to read data from and record data
on said tracks; first means for supporting the first group of transducers
adjacent to both surfaces of the or each said disk; second means for
supporting the second group of transducers adjacent to both surfaces of the
or 55  each said disk; and third means for controlling said first and
second means to position said first transducer group and said second
transducer group over a selected track of the or each said disk,
characterised in that said third means controls the recording of data so
that data is stored sequentially on concentric tracks, of a 



first surface of the or a first disk until all the concentric tracks are
filled with data and then data is stored se- 3    EP 0 505 363 B1
quentially on concentric tracks of a second surface of the disk. BRIEF
DESCIRIPTION OF THE DRAWINGS 5       Fig. 1 is an exploded, isometric view
of a multiple actuator disk drive in accordance with the present in-
vention; Fig. 2 is a plan view of a multiple actuator disk drive in
accordance with the present invention; Fig. 3 is a cross-sectional view,
along line 3-3 in Fig. 2; Fig. 4 Is an exploded, isometric view of an
actuator assembly for a multiple actuator disk drive in accor- 10
dance with the present invention; Fig. 5 is a partial, plan view of an
actuator arm; Fig. 6 is a partial, side view of a group of actuator arms;
Fig. 7 is an isometric, partial cut away view of a motor housing and a
latch body of a parking device for a multiple actuator disk drive in
accordance with the present invention; 15      Fig. 8 is a partial plan
view of the actuator motor and the parking device; Fig. 9A is a simplified
block diagram of the overall control architecture for a multiple actuator
disk drive in accordance with the present invention; Fig. 9B is a
simplified block diagram of a disk drive control system utilized with each
actuator in a multiple actuator disk drive in accordance with of the
present invention; 20      Fig. 10 is a simplified representation of a
portion of data track with a plurality of sectors provided thereon; Figs.
11A-B illustrate the distribution of servo-control information and data in
a simple, exemplary sector; Fig. 12 illustrates the task management control
system flow structure in processing the servo-control in- formation of the
sector shown in Figs. 11A-B; Fig. 13 illustrates the detailed presentation
of the servo control information of the exemplary sectors 25      shown in
Figs. 11A-B; and Fig. 14 is a cross sectional view of a stack of disks for
useful in explaining the horizontal data structure employed in a multiple
actuator disk drive in accordance with the present invention. DESCRIPTION
OF THE PREFERRED EMBODIMENTS 30 A multiple actuator disk drive according to
the present invention will be described with reference to Figs. 1-14. The
disk drive described herein includes, for example, five (5) hard disks with
a magnetic coating, utilizes Winchester technology, and two heads per disk
surface (four heads per disk); however, the disk drive may util- ize
various numbers of disks, various numbers of heads per disk surface, and
othertypesof disks, for example, 35  optical disks, and other read/write
technologies, for example, lasers. The form factor selected for the disk
drive of the present invention is a half-height, five and one-quarter inch
[err] formfactor in which the length of the disk drive is approximately 8",
the width is approximately 5.75", and the height is approximately 1.625".
The disks utilized In the disk drive of the present invention have a di-
ameter on the order of 3.75 inches, so-called [err] disks. The [err] disks
provide the physical space nec- 40   essary for multiple actuators in a
[err] form factor disk drive; however, the disk drive of the present
invention can be used with disks having diameters larger or smaller than
3.75 inches, and form factors other than [err] For example, a [err] form
factor multiple actuator disk drive in accordance with the present
invention may be constructed using disks having a diameter of approximately
[err] With reference to Figs. 1-3, a disk drive 20 in accordance with the
present invention includes a base 22 45  and a cover 24. A gasket 26 is
provided between base 22 and cover 24 to establish a sealed (or controlled)
environment between base 22 and cover 24. Disk drive 20 does not utilize a
breather filter, and the seal pro- vided by gasket 25 isolates the sealed
environment from ambient atmospheric conditions. The seal provided by
gasket 28 is stable at pressures experienced at altitudes from 200 feet
below sea level to 10,000 feet above sea level during operation of the disk
drive. An internal airfilter (not shown) having a 0.3 micron filter is
provided 50  in the internal air flow to maintain a clean environment Base
22 has a peripheral side wall 28 which is perpendicularto the plane of base
22. Side wall 28 enhances the structural rigidity of base 22 and serves as
a support for top plate 30. Aspin motor 32, which supports and rotates
disks 44a-e, and first and second actuators [err] are mounted on base 22.
Top plate 30 maintains the relative positions of the rotational axes of
spin motor 32 and first and second actuators [err] Base 22 and 



55   cover 24, along with the components contained therein, comprise a
head-disk assembly (HDA). Disk drive 20 comprises the HDAalong with a
printed circuit board 36 and a shock frame 50. Printed circuit board (PCB)
36 has circuitry for operating the disk drive; in particular, the circuits
provided on PCB 36 create 4    EP 0 505 363 B1 control signals which
control the operation of spin motor 32, first and second actuators [err]
and which handle the transfer of data to and from disks 44a-e. PCB 36 is
mounted to base 22 and grounded to the HDA. First and second header
assemblies [err] each comprising a plurality of holes in base 22 and a
corresponding plur- ality of pins 40 potted (sealed) in the holes in base
22, transfer control signals from PCB 36 to the controlled 5   environment
between base 22 and cover 24. Pins 40 plug directly into rear-entry
connectors [err] on PCB 36. Shock frame 50 and base 22 are attached by
shock mounts [err] Screws (not shown) threaded into boss- es [err] of shock
frame 50 attach the diskdrive 20 to a host computer (not shown) or other
supporting structure. Shock frame 50 encompasses the HDA and PCB 36 and has
dimensions which provide the overall half height [err] form factor package
size. 10      The above-described basic structure of disk drive 20 provides
excellent protection from shock and vibra- tion. In particular, disk drive
20 will withstand nonoperating shocks of 50g's and operating shocks,
without non- recoverable errors, of 10g's. Nonoperating vibration of 1.0g's
in the range of 5-500 Hz is the specified tolerable limit. Operating
vibration, without nonrecoverable data, is specified at 0.5g's for the
range of 5-500 Hz. As shown in Figs. 2 and 3, the components in the
controlled environment include five disks 44a-e (each having two data
surfaces), and two groups of transducers (or heads) 46,47, each group
including ten trans- ducers 46a-j, 47a-j. The first group of transducers 46
are supported and positioned by first actuator assembly [err] and the
second group of transducers 47 are supported and positioned by second
actuator assembly 342. One transducer from each of the first and second
groups of transducers 46, 47 write data on and read data and servo
Information from corresponding, respective ones of first and second
surfaces of each of disks 44a- 20 e. Because disk drive 20 utilizes
embedded servo information it is not necessary to provide a data surface
having dedicated servo information. Further, providing two transduces per
data surface doubles the data trans- fer rate with respect to single
actuator disk drives. First and second actuator assemblies 341-2 perform
the function of positioning respective groups of heads 25  46, 47 with
respect to disks 44a-e. Actuator assemblies [err] are positioned so that
they are 180# apart with respect to disks 44a-e. Further, the skew angles
for each of the actuator assembiles 341-2 are matched as close- ly as
possible so that each group of heads 46,47 will have the same relative
position with respect to each data track. Heads 46a-j and 47a-j may be, for
example, thin-film heads or metal-in-gap heads. Positioning actuator
assemblies 180# apart makes the average latency time one quarter of a
revolution, 30  as opposed to one half of a revolution for a single
actuator drive. As disk drive 20 receives a request to read data from a
particular sector of a particular track, the control circuitry on PCB 36
determines which one of actuator assemblies [err] will read the data based
on factors including the actuator having the shorter latency time and the
actuator having the shorter seek to the track. As shown in Figs. 3-6, each
actuator assembly 341-2 includes an actuator body 56 and ten load beams 58
35  which are connected to respective ones of heads [err] by flexures 60.
An actuator coil 62 is mounted on actuator body sub-arms 64a-b. Each
actuator body 56 is mounted on a shaft 66 by a bearing cartridge 68. Each
shaft 66 is attached to base 22 and top plate 30. Actuator body 58,
including all of the components at- tached thereto, is precisely balanced,
I.e., equal amounts of weight are provided on eitherside of the pivot point
(the center of shaft 66) so that the pivoting of actuator body 56 to
position heads 46, 47 is less susceptible to 40  linear shock and
vibration. In order to write data to and read data from the same tracks
using two (or more) heads, it is necessary to closely match the skew angles
of the heads. The thin film and metal-in-gap heads contemplated for use in
disk drive 20 interact with disks 44 by way of a gap which is parallel with
the slider body of the head. Aligning the slider body of each head with the
centerline axis x (Fig.5) of actuator body 56 provides the heads in each
group 45  of heads 46,47 with closely matched skew angles. The tolerance
for the skew angle of each head with respect to axis x is  0.5, and the
worst case skew difference between any two heads is [err] To match the skew
angles of the first and second groups of heads, the rotational axis of each
actuator assembly [err] is located at the same radius with respect to the
rotational axis of disks 44; the positioning of these rotational axes is
performed with a tolerance of approximately 0.006-0.008 inches. The rigid
mechanical structure provided by 50  base 22, side wall 28, and top plate
30 maintains the precise three-dimensional alignment of actuator assem- 



blies 341-2 for all operating conditions. The force for pivoting each
actuator body 56 is provided by a voice coil motor including coil 62 and an
ac- tuator motor including housing 70 having top and bottom plates 70a-b,
and magnets 72. Top plate 70a and bottom plate 70b are attached by spacers
70c-e. Top plate 70a is attached to base 22. Magnets 72a,b are 55  attached
to top plate 70a, and magnets 72c,d are attached to bottom plate 70b. Top
and bottom plates 70a-b provide returns for the magnetic fields generated
by magnets 72a-d. Magnets 70a-d are arranged to provide first and second
magnetic fields [err] in the air gaps between respective ones of magnets
72a and 72c and magnets 72b and 72d. First and second magnetic fields
[err], are encompassed in closed magnetic field 5    EP 0 505 363 B1 loops
including top and bottom plates 70a-b, magnets 72a-d, and the air gaps. By
containing the magnetic fields [err] in returns the magnetic field
intensity of each field is increased in the air gaps. The strength of the
magnetic field in these air gaps is directly related to the torque which
the voice coil motor exerts on the actuator body 56 and thus the rotational
velocity of actuator body 56 and the seek times for the drive. 5      The
motor housing 70 and actuator coil 62 are arranged so that a current in
coil 62, in the presence of the magnetic fields created by magnets 70a-d
creates a force which pivots actuator body 56. Currents passing in opposite
directions in coil 62 create torques in opposite directions and pivot
actuator body 56 to position heads 46, 47 at selected locations with
respect to disks 44a-e. To protect disks 44 from particles potentially
released from magnets 72, magnet shields 73 (Figs. 4 and 10  7) are
provided overeach pair of magnets 72a-b and 72c-d. Magnetshields 73 are
formed of non magnetically permeable material, for example, plastic or
stamped 300 Series stainless steel. Magnets 72 are glued to the Inside of
magnet shields 73 and then the exposed surface of magnets 72 is glued to
the appropriate top or bottom plate 70a-b. Magnet shield 73 is then sealed
to top or bottom plate 70a-b with an adhesive. Actuator assemblies 341-2
have individual access times of 12msec. However, using two actuators
reduces 15  the access time by a factor approximately equal to the square
root of two. Thus, the access time for disk drive 20 having two actuator
assemblies [err] is approximately 8.5msec. Read/write flex circuits 741-2
are connected to respective headers [err] and carry electrical signals from
each header [err] to the corresponding actuator assembly [err] A spin motor
flex circuit (not shown) carries electrical power from one header 38 to
spin motor 32. The service loop of each read/write flex circuit 741-2 is 20
designed to exert only a minimal amount of rotational force (torque) on
actuator body 56. Any torque exerted on actuator body 56 by any means other
than the voice coil motor affects the function of actuator assembly 34 in
positioning heads 46, 47 with respect to disks 44, particularly the track
following and seek functions de- scribed in co-pending Applications, Serial
Nos. 057,806 and 058,289. Thus, any torques created by the voice coil motor
must be controlled to compensate for the force exerted by the read/write
flex circuit 741-2. Each read/write flex circuit 741-2 may be separated
into three portions; a first portion carrying current to actuator coil 62
and a second portion which is a ground plane separating the current
carrying portion from a third data carrying portion. The data carrying
portion transfers signals between heads 46, 47 and PCB 36, via header 38.
The ground plane prevents interference with the relatively weak data
signals which would otherwise be 30  caused by the larger currents
necessary for actuator coil 62 passing through the first portion of the
read/write flex circuit [err] As shown in Figs. 4, and 7, and 8, crash
stops are provided to limit the pivoting movement of actuator body 56 so
that heads 46, 47 travel only between the inside and outside diameters 76,
78 of disks 44. The outside diameter crash stop comprises a spacer70d and a
compliantsleeve 82 formed of, forexample, rubberor plastic 35  provided on
spacer 70d. When the pivoting motion of actuator body 56 places heads 46,
47 at the outside di- ameter78 of disks 44, first crash tab 84 provided on
sub-arm 64a of actuator body 56 contacts compliant sleeve 82, thereby
preventing movement of the heads 46, 47 beyond the outside diameter 78.
Alternatively, if adjust- ment of the outside diameter crash stop is
desired, a plastic pin which is separate from spacer 70d can be provided in
a hole in bottom plate 70b. The inside diameter crash stop comprises spacer
70c and a compliant 40  sleeve 88 provided on spacer 70c. Second crash tab
90 provided on sub-arm 64b contacts sleeve 88 to limit the movement of
heads 46, 47 beyond the inside diameter 76. A parking device 92 for parking
the heads 46,47 I.e., latching the actuator body 56 in an orientation where
heads 46, 47 are positioned, for example, at the inside diameter 76 of
disks 44, is provided for each actuator assembly 3412. Parking device 92 is
described in co-pending Application Serial No.269,873; pertinentaspects 45
of parking device 92 will be described with reference to Figs. 7 and 8.
Parking device 92 moves between a 



latched position, in which parking device 92 engages and latches actuator
body 56, and an unlatched position, in which the parking device 92 is clear
of the actuator body 56. In the preferred embodiment, parking device 92 is
pivotally mounted in the disk drive to rotate between the latched and
unlatched positions. However, in an alternative embodiment a parking device
may be mounted to move linearly between the latched and un- 50  latched
positions using biasing and release forces provided in accordance with the
present invention. Parking device 92 includes a latch body 94, pivotally
mounted, for example, by pins 96, 98 which engage motor housing 70. Three
arms 100, 102, 104 extend from latch body 94. First arm 100 has a notch 106
which engages a latch pin 108 on actuator body 56 and supports a
counterweight 110 which balances the latch body 94 and the various
components attached thereto about its pivot points. First arm 100 also
supports pin 98. 55   Second arm 102 supports a latch coil 112 and a latch
return (orlatch bias) 114 which comprises a magnetically permeable element.
Third arm 104 supports pin 96. Latch body 94, including all of the
components attached thereto, is precisely balanced about the pivot points
provided by pins 96, 98, which engage top and bottom plates 70a,b,
respectively, so that the operation of parking device 92 is less
susceptible to linear shock and 6    EP 0 505 363 B1 vibration, and so that
minimum amounts of force, and thus a minimum of electrical current in latch
coil 112, are required to pivot the latch body 94. A biasing force, which
affects only latch body 94, is provided by the attraction of latch return
to permanent magnet 72b. This biasing force rotates latch body 94 so that
latch arm 100 engages latch pin 108 to park ac- 5   tuator body 56. Passing
a current in the appropriate direction in latch coil 112, which is
positioned in the mag- netic field in the air gap between magnets 72b and
72d, creates a force which repels the latch coil 112 and rotates latch
body94 so that latch arm 100swings away from latch pin 108. Alatch flex
circuit 116 carries current to latch coil 112 from header 38. The forces
provided by latch coil 112 and latch return 114 must be adjusted to
compensate for the rotational resistance (torque) created by frictional
forces and latch flex circuit 116. 10      When power to the disk drive 20
is off, the actuator body 56 is positioned so that second crash tab 90
abuts sleeve 88 on spacer 70c and latch arm 100 engages latch pin 108. Any
rotation of actuator body 56 away from pin 86 creates a torque which
maintains the latch body 94 in the latched position; the moment arm of the
force created by rotational movement of actuator body 56 passes on the side
of the pivot provided by pins 96, 98 closest to disks 44. Accordingly,
parking device 92 reliably maintains the actuator body 56 in the latched 15
position. The use of latch coil 112 provides a low power parking device
which is highly reliable, and since the latch coil 112 is not used to
attract a magnetically permeable element, there is no residual magnetism.
Latch return 114 provides a reliable return force without relianceon the
Interactions of mechanical elements in the diskdrive. The control circuitry
implemented on PCB36 will be described with reference to Figs. 9-13. The
control 20  circuitry 170 includes a control circuit CTL for each actuator.
In the preferred embodiment, first and second control circuits 180, 182
control respective ones of actuator assemblies [err] Each control circuit
180, 182 includes a micro controller [err] and has components which provide
read/write control R/W, actuator control ACT, and spin motorcontrol SPN.
The spin control SPN on the second control circuit 182 is not utilized.
Control circuits 180,182 communicate via control and data lines 186 to
coordinate the read/write operations performed 25  by each control circuit
and to enable the two control circuits 180, 182 to share a common interface
188. Inter- face 188 includes a third micro controller 1843. Data and
control lines 190, 192 interconnect respective ones of control circuits
180, 182 with Interface 188, and data and control lines 194 connect
Interface 188 to a host environment. Each control circuit 180, 182 performs
closed-loop, embedded servo-tracking. The architecture of control circuits
180, 182 and closed-loop, embedded servo tracking are described in 30
co-pending Applications Serial Nos. 057,806 (entitled DISK DRIVE SOFTWARE
SYSTEM ARCHITECTURE), 057,289 (entitled DISK DRIVE SYSTEM CONTROLLER
ARCHITECTURE) and Serial No. 386,504 (entitled DISK DRIVE SYSTEM USING
MULTIPLE EMBEDDED QUADRATURE SERVO FIELDS), which are incorpo- rated by
reference. Pertinent portions of the disclosures of these incorporated
Applications are set forth below. With reference to Fig. 9B, a
microcontroller 224 and a minimum number of dedicated control support cir-
35  cuits direct the functions of disk drive 20. In the preferred
embodiments of the present invention, microcon- troller 224 is a four (4)
megahertz clock rate Motorola MC68HC1l HCMOS single chip microcontroller,
as de- scribed in the MC68HC11F1 HCMOS Single Chip MicrooomputerTechnical
Data Book available from Motorola, Inc., Motorola Literature Distribution,
P.O. Box 20912, Phoenix, AZ, 85036. A read-only memory (ROM) 226 is coupled
to the microcontroller 224 by way of a general purpose data, 



40  address and control bus 240. The ROM 226 is utilized to store
amicrocontrollercontrol program for supporting five principle tasks
necessary to implement the full functionality of the disk drive 20. These
tasks include in- terface, actuator, spin motor, read/write and monitor. An
interface control circuit 228 is provided to support the microcontroller
224 in execution of the interface task. The Interface controller 228 may be
a synchronous SCSI Interface controller, such as the interface con- 45
troller implemented as a portion of the AIC-6110, available from Adaptec,
Inc., 691 South Milpitas Boulevard, Milpitas, California 95025. The
interface controller may also be suitable for interfacing to the IBM
personal computer "AT" peripheral bus, such as interface controllers
available from Cirrus Logic, Inc. The interface controller 228, in general,
provides a hardware interface between the disk drive 20 and a host computer
system, typically a data processing system, via an SCSI communications bus
260. Thus, the 50   interface controller 228 operates to manage
bidirectional data streams between the communications bus 260 and the bus
240. An actuator controller 232 is provided as an internal interface
between the microcontroller 224 and ao- tuator assembly 216. The actuator
controller 232 provides for digital-to-analog conversion of a digital
position control word and the current buffering of the resultant analog
voltage provided on line 246 to the voice coil 55   motor of the actuator
assembly 216. The digital position control word, as provided via the bus
240 from the microcontroller 224, represents the desired actuator position.
Enabling of the actuator controller232 in general is provided via the
control support circuit 230 via control lines 244. The control support
circuit 230, to this end, 7    EP 0 505 363 81 acts as a parallel port
expander for latching a control data word also provided by the
microcontroller 224 via the bus 240. A read/write controller 236 similarly
acts as an Internal interface between the bus 240 and the read/write heads
of the actuator assembly 216 via the raw data lines 256. The read/write
controller 236 functions to pro- 5   vide for the buffered
serialization/deserialization and data clock encoding/decoding of data.
Configuration and initiation of read/write controller 236 functions are
performed under the direct control of the microcontroller 224 by the
transfer of control and data words to the read/write controller 236 via the
bus 240. Finally, a spin motor controller 234 is provided to directly
support the commutation of the spin motor 214 via the commutation current
lines 250. Commutation state selection is effected by provision of a
digital word 10  from the microcontroller 224 to the control support
circuit 230. This digital word is latched and provided on the commutation
select lines 248 to the spin motor controller 234. A commutation current is
switched by the spin motor controller 234 to a corresponding field winding
phase pair of the spin motor 214 via the commutation current lines 250. A
voltage proportional to the current conducted through the selected field
winding phase pair of the spin motor 214 is provided via the feedback line
252 to an analog-to-digital converter input of the micro- 15  controller
224. Tables 1 and 2 below specify certain characteristics of disk 212.
Table 1 20      Number of Disks                                  5 Number
of Data Surfaces                          10 Number Data Cylinders
1935    cylinders (Tracks per surface) 25      Sectors per Track
52        sectors Bytes per Sector                                 662
bytes Data Bytes per Sector                            512       bytes Data
Capacity per Data                           50        Mbytes Surface
(formatted) Total Data Capacity  (formatted)                 500
Mbytes 30 35      Disk Diameter                             95
millimeters 3.74         inches Data Track Band Width
20.32        millimeters 0.8          inches Track Density
2347          tracks/inch 40     Bit Density  (max)
29-30K        fci 



Head Width                                7.5          microns Track Width
10.8         microns 45      The high track density utilized in the
preferred embodiment, i.e., approximately 2300-2400 tpl, is made possible,
in part, by the low flying height of heads 46, 47. The heads 46, 47 fly at
5 micro-inches which allows the bit density of disks 44 to be at least as
high as 29,000 fci. The increased bit density reduces the size (in degrees)
of each sector, thereby providing more sectors and more servo bursts per
track. Tighter track follow- ing is provided by the more frequent servo
bursts. Using a fixed, standard disk rotational speed of 3600 rpm, so   a
larger number of sectors pertrack increases the data transfer rate. In the
disk drive of the present invention, each head heads bits ata rate of [err]
For two heads 32Mbits persecond or 4 Mbytes persecond are read. Thus, the
maximum data transfer rate is approximately 4Mbytes/sec. As generally
represented in Fig. 10, each track of the concentric data tracks 222
provided on the surface of a disk 212 are furthersubdivided into sectors
[err]. In accordance with the present invention, and as generally 55  shown
in Fig. 11A, each sector is composed of a servo 1 field, a data 1 field,
first error correction code (ECC) field, mid-sector gap field, servo 2
field, data 2 field, second ECC field, and final gap field. As shown in
Fig. 11 B, the servo 1 field is further composed of a servo mark field,
gray code field, servo burst field, ID sync field, ID field, and data sync
field. Similarly, the servo2field is composed of a second sector markfield,
second 8    EP 0 505 363 B1 gray code field, and servo burst field and
finally, a data sync field. The order and size of these fields are set
forth in Table 3. 5                                          Table 3 Half
Sector  "A"                            Half Sector  "B" Field
Field                    Bytes Bytes
Servo Sync                  3 10        Servo Sync                    3
Gray Code.                   8 Gray Code
Servo Burst A               4 8
Servo Burst B               4 Servo Burst A                4
Servo Burst C               4 Servo Burst B                4
Servo Burst D               4 Servo Burst C                4
Pad                         1 15        Servo Burst D                 4
Data Sync                   12 Pad                           1
Data                     267 ID Sync                     12             ECC
7 ID  (Header)                 4              Gap                        17
ID CRC                       2 20        Pad                           4
Data Sync                         12 Data                              26
ECC                           7 Gap                         17
662 Bytes Total 25 331 Bytes  (1st half) The sector mark fields are
provided tosynchronizethe microcontroller with the control information
present 30  in the remaining portions of the servo 1 and 2 fields as well
as the data 1 and 2 fields. The gray code fields provide an unambiguously
encoded track number. The unambiguous coding of the gray code values is
further qualified in that the gray code values like sectors on adjacent
tracks differ by a single bit and that no more than two consecutive zero
bits are allowed in a valid gray code value. The servo burst fields, in
accordance with the preferred embodiments of the present invention, are se-
35  quentially arranged burst fields of constant amplitude and constant
frequency offset in a pre-defined pattern from the center line of the data
sector. The ID sync field of the servo 1 field is also written at constant
frequency and voltage, though centered on the track center line. The ID
sync field allows the read/write controller to distinguish the first bit of
the ID field. The ID field is used to store the cylinder, sector and head
numbers. 40     Finally, the data sync fields are constant frequency and
amplitude fields provided to define the first bits 



of the respective data fields 1 and 2. The read/write controller
synchronizes to the frequency of the data sync field. The first
discontinuity in the sync frequency is therefore taken as the first data
representative transition. Referring now to Fig. 12, task execution as
performed by the microcontroller224 is shown mapped against the real time
occurrence of the servo 1 and 2 fields with respect to a read/write head
220. 45      Specifically, a sectortask is initiated in response to a
countdown timer interruptjust prior to the occurrence of the servo 1 field.
From this interrupt, the microcontroller224 enables the control support
circuit230 to detect and process the sector markfield. Acontrol value Is
then provided tothe spin motorcontroller234 to commutate the spin motor
214. As shown in Fig. 13, the sector mark field itself is composed of a
servo sync field followed by the sector 50   mark. The servo syncfield is
another constant amplitude and constantfrequency field. The sector mark is
de- fined as the first read data transition following the absence of any
servo sync transitions for at least three servo sync clock cycles. The time
of occurrence of the sector mark is recorded by a hardware timer within the
mi- crocontroller 224 for use in subsequent tasks as well as scheduling the
countdown timer interrupt necessary for processing the servo 2 field. 55
The horizontal data structure utilized in the preferred embodiment of
multiple actuator disk drive 20 will be described with reference to Fig.
14. Each disk 44a-e has two data surfaces. The ten data surfaces are iden-
tified as surfaces 250-259. Each group of heads 46, 47 interact with
corresponding, respective ones of data surfaces 250-259; only heads [err]
are shown in Fig. 14. As data is recorded on disks 44a-e, the data tracks 9
EP 0 505 363 B1 on the first data surface 250 are filled, and then all of
the data tracks on data surface 251 are filled, and so on for each of the
successive surfaces 251-259. As the last track at the outer diameter of
data surface 250 is filled with data by head 46a, a head switch is
performed and head 46b begins recording data at the outside diameter of
disk surface 251, filling the tracks sequentially toward the inner
diameterof data surface 251. This 5   serpentine flow of data prevents a
seek from the outside diameter to the inside diameter or from the inside
diameter to the outside diameter upon switching from one data surface to
the next. The mechanical misalignment which may occur between the two
groups of heads 46, 47 could cause one group of heads to be out of
alignment with cylinders defined by the other group of heads. Thus, the
head switch could require a seek of one or more tracks to place the newly
selected head over the desired track. With the 10  horizontal data
structure first and second groups of heads 46, 47 are able to efficiently
read the same data without experiencing read errors which could be caused
by the slightly different alignment of the two groups of heads. With the 12
msec access time of actuators 341-2 a track-to-track seek, performed with a
precisely defined algorithm, is, on the average, as fast or faster than a
head switch. 15 Claims 1. A disk drive (20), comprising: a housing (22,24);
20            at least one disk (44); the or each said disk (44) having a f
irst and second surface (250,251) each provided with a plurality of tracks
for storing data; means (32) for mounting the or each said disk in said
housing (22,24) and for rotating the or each said disk; 25            first
and second transducer groups (46,47) each interacting with first and second
surfaces of the or each said disk (44) to read data from and record data on
said tracks; first means [err] for supporting the first group of
transducers (46) adjacent to both surfaces of the or each said disk; second
means (342) for supporting the second group of transducers (47) adjacent to
both surfaces 30      of the or each said disk (44); and third means (36)
for controlling said first and second means to position said first
transducer group and said second transducer group over a selected track of
the or each said disk (44), characterised in that said third means (36)
controls the recording of data so that data is stored sequentially on
concentric 35      tracks of a first surface of the or a first disk (44)
until all the concentric tracks are filled with data and then data is
stored sequentially on concentric tracks of a second surface of the disk
(44). 



2.  A disk drive as claimed in claim 1, wherein data is recorded on one
surface along progressively outward concentric tracks and data is recorded
on the other surface along progressively inward concentric tracks. 40 3.  A
disk drive as claimed in claim 1 or claim 2, wherein the tracks have a
density of at least 1500 tracks per inch. 4.  A disk drive as claimed in
claim 1, 2 or 3, wherein said tracks store servo information and said third
means (36) controls said first and second means [err] in response to said
servo information. 5.  A disk drive as claimed in any preceding claim,
wherein the housing (22,24) provides a controlled envir- onment isolated
from ambient atmospheric conditions and the or each said disk (44) is
provided in said controlled environment. 50  6.  Adisk drive as claimed in
any preceding claim having a plurality of disks (44a-e) whereby data is
recorded progressively on the first and second surfaces of successive
disks. 7.  Adisk drive as claimed in any preceding claim, wherein the third
means (36) controls said firstand second means [err] to independently
position said first and second groups of transducers (46,47) so that both
55      said first and second groups of transducers (46,47) read data from
and record data on said selected track on said disk. 8.  Adisk drive as
claimed in any preceding claim, wherein said third means (36) controls said
first and second 10    EP 0 505 363 B1 on the first data surface 250 are
filled, and then all of the data tracks on data surface 251 are filled, and
so on for each of the successive surfaces 251-259. As the last track at the
outer diameter of data surface 250 is filled with data by head 46a, a head
switch Is performed and head 46b begins recording data at the outside
diameter of disk surface 251, filling the tracks sequentially toward the
inner diameter of data surface 251. This 5   serpentine flow of data
prevents a seek from the outside diameter to the inside diameter or from
the inside diameter to the outside diameter upon switching from one data
surface to the next. The mechanical misalignment which may occur between
the two groups of heads 46, 47 could cause one group of heads to be outof
alignmentwith cylinders defined by the othergroup of heads. Thus, the head
switch could require a seek of one or more tracks to place the newly
selected head over the desired track. With the 10  horizontal data
structure first and second groups of heads 46, 47 are able to efficiently
read the same data without experiencing read errors which could be caused
by the slightly different alignment of the two groups of heads. With the 12
msec access time of actuators 341-2 a track-to-track seek performed with a
precisely defined algorithm, is, on the average, as fast or faster than a
head switch. 15 Claims 1. A disk drive (20), comprising: a housing (22,24);
20            at least one disk (44); the or each said disk (44) having a
first and second surface (250,251) each provided with a plurality of tracks
for storing data; means (32) for mounting the or each said disk in said
housing (22,24) and for rotating the or each said disk; 25           first
and second transducer groups (46,47) each interacting with first and second
surfaces of the or each said disk (44) to read data from and record data on
said tracks; first means [err] for supporting the first group of
transducers (46) adjacent to both surfaces of the or each said disk; second
means [err] for supporting the second group of transducers (47) adjacent to
both surfaces 30      of the or each said disk (44); and third means (36)
for controlling said first and second means to position said first
transducer group and said second transducer group over a selected track of
the or each said disk (44), characterised in that said third means (36)
controls the recording of data so that data is stored sequentially on
concentric 35      tracks of a first surface of the or a first disk (44)
until all the concentric tracks are filled with data and then data is
stored sequentially on concentric tracks of a second surface of the disk
(44). 2. A disk drive as claimed in claim 1, wherein data is recorded on
one surface along progressively outward 



concentric tracks and data ius recorded on the other surface along
progressively inward concentric tracks. 40 3. A disk drive as claimed in
claim 1 or claim 2, wherein the tracks have a density of at least 1500
tracks per inch. 4. Adisk drive as claimed in claim 1,2 or3, wherein said
tracks store servo information and said third means 45      (36) controls
said first and second means (341,342) in response to said servo
information. 5. A disk drive as claimed in any preceding claim, wherein the
housing (22,24) provides a controlled envir- onment isolated from ambient
atmospheric conditions and the or each said disk (44) is provided in said
controlled environment. 50  6. A disk drive as claimed in any preceding
claim having a plurality of disks (44a-e) whereby data is recorded
progressively on the first and second surfaces of successive disks. 7.
Adisk drive as claimed in any preceding claim, wherein the third means (36)
controls said first and second means (341,342) to independently position
said first and second groups of transducers (46,47) so that both 55
said first and second groups of transducers (46,47) read data from and
record data on said selected track on said disk. 8. Adiskdrive as claimed
in anypreceding claim, wherein said third means (36) controlssaidfirstand
second 10    EP 0 505 363 B1 means [err] to position said first
transducergroup (46) and said second transducer group (47) so that each
transducer group is able to read data from and records data on all of said
tracks. 9. A disk drive as claimed in any preceding claim, wherein fourth
means are provided for electrically inter- 5       facing said third means
(36) to a host computer. 10. A disk drive as claimed in any preceding
claim, wherein said third means (36) controls the reading and recording of
data so that the timing of the reading and recording of data is based on
embedded servo information read from said disk (5) by said first and second
transducer groups. 10  11. A disk drive as claimed in any preceding claim,
wherein said first and second means include respective first and second
rotary, voice coil actuators mounted in said housing, said actuators
supporting respective first and second transducer groups adjacent to the
data storage surface of the or each said disk (5) with matched skew angles.
15 Patentansprache 1. Plattenlaufwerk (20), das folgendes aufweist: ein
Gehause (22, 24); mindestens eine Platte (44); wobei die oder jede Platte
(44) eine erste und zweite Flache (250, 251) aufweist, wobei jede mit einer
Mehrzahl von Spuren zum Speichern von Daten versehen ist; eine Einrichtung
(32) zur Aufnahme der oderjeder Platte (44) in dem Gehiuse (22, 24) und zum
Drehen der oderjeder Platte; 25            erste und zweite Wandlergruppen
(46,47), wobei jede mit den ersten und zweiten Flichen deroder jeder Platte
(44) zusammenwirkt, um Daten von den Spuren zu lesen und Daten auf diese
aufzuzeichnen; eine erste Einrichtung (341) zum Tragen der ersten Gruppe
von Wandlern (48) angrenzend an beide Flichen der oder jeder Platte; eine
zweite Einrichtung (342) zum Tragen der zweiten Gruppe von Wandlern (47)
angrenzend an beide Flachen der oder jeder Platte (44); und eine dritte
Einrichtung (36) zum Steuern der ersten und zweiten Einrichtung, um die
erste Wand- lergruppe und die zweite Wandlergruppe uber einer ausgewahlten
Spur der oder jeder Platte (44) zu po- sitionieren, dadurch gekennzeichnet,
daB die dritte Einrichtung (38) das Aufzeichnen von Daten steuert, so daB
die Daten sequentiell auf konzentrischen Spuren der ersten Flache der oder
einer ersten Platte (44) gespeichert werden, bis alle konzentrischen Spuren
mit Daten gefillt sind und die Daten dann sequentiell auf konzentfischen
Spuren einer zweiten Flache der Platte (44) gespeichert werden. 40  2.
Plattenlaufwerk nach Anspruch 1, wobei Daten aufeinerFlache entlang
schrittweise nach augen konzentrischerSpuren aufgezeichnetwer- 



den, und Daten auf der anderen Flache entlang schrittweise nach innen
konzentrischer Spuren aufge- zeichnet werden. 45  3.  Plattenlaufwerk nach
elnem der Ansprflche 1 oder 2,   ' wobel die Spuren eine Dichte von
mindestens 590 Spuren pro Zentimeter (1500 Spuren pro Inch) auf- weisen. 4.
Plattenlaufwerk nach einem der Anspriche 1, 2 oder 3, 5D      wobei die
Spuren Stellinformationen speichern und die dritte Einrichtung (38) die
erste und zweite Ein- richtung (341, 342) als Reaktion auf die
Stellinformatlon steuert. 5.  Plattenlaufwerk nach einem der vorhergehenden
AnsprOche, wobei das Gehiuse (22, 24) eine kontrollierte Umgebung schaffl,
die von Umweltbedingungen isoliert 55      ist, und die oderjede Platte
(44) in dieser kontrollierten Umgebung vorgesehen ist. 6.  Plattenlaufwerk
nach einem dervorhergehenden Anspruche, mit einer Mehrzahl von Platten
(44a-e), wodurch Daten auf den ersten und zwelten Flachen aufeinander-
EPR O 505 363 B1              ||| |||||| || ||| * C   L  M   S  folgender
Platten schrittweise aufgezelchnet werden. 7.  Plattenlaufwerk nach elnem
der vorhergehenden Ansprriche, wobel die dritte Einrichtung (36) die erste
und zweite Einrichtung (341, 342) steuert, um die ersten und 5
zweiten Gruppen von Wandlern (46, 47) voneinander unabhangig zu
positionieren, so daB belde ersten und zwelten Gruppen von Wandlern (46,
47) Datbn von der ausgewahiten Spur auf der Platte lesen und auf diese
aufzeichnen. 8.  Plattenlaufwerk nach einem der vorhergehenden AnsprOche,
10      wobel die drittb Einrichtung (36) die ersat und zweite Einrichtung
(34i, 342) stbuert, um die orate Wand- lergruppe (46) und die zweite
Wandlergruppe (47) zu positionleren, so daR jede Wandlergruppe Daten von
alien Spuren lesen und auf diese aufzeichnen kann. 9.  Plattenlaufwerk nach
einem der vorhergehenden AnsprOche, wobei eine vierbo Einrichtung zum
elektischen Anschlielen der dritten Einrichtung (36) an einen Host- 15
Computer vorgesehen lst. 10. Plattenlaufwerk nach einem der vorhergehenden
Anspriche, wobei die dritte Einrichtung (36) das Lesen und Aufzeichnen von
Daten steuert, so daB der Zeitablauf des Lesens und Aufzeichnens von Daton
auf oingebetteton Stellinformationen basiert, die von den ersten 20
und zweiten Wandlergruppen von der Platte (5) gelesenen werden. 11.
Plattenlaufwerk nach inenm der vorhergehenden AnsprOche, wobei die orate
und zweite Einrichtung erste und zweite in dem Gehiuse montierte
Schwingspulon-Dreh- steligileder umfaSt, wobel die Stelglieder jeweilige
erste und zwoite Wandlergruppen angrenzend an die 25
Datenspeicherflche der oder jeder Platto (5) mit angepabten Kippwinkeln
tragen. Revendlcatlons 30  1.  Unite de disque (20) comprenant: un boltler
(22, 24); au moins un disque (44); to ou chaque dit disque (44) ayant une
premibre et une deuxieme surfaces (250, 251) chacune pourvue d'une
pluraiite de pistes, pour stocker des donn6es; 35            des moyens
(32), destines a montor le ou chaque dit disque dans ledit bottier (22, 24)
et pour en- trainer en rotation Io ou chaque dit disque; des
promleretdeuxibme groupes de transducteurs (46,47), intbragissantchacun
avec des premie- re et des douxibme surfaces du ou de chaque dit disque
(44) afin de lire des donn6es depuis lesdites plates et d'enregistrer des
donn6es sur ces plates; 40            des premiers moyens (341) pour
supporter le premier groupe de transducteurs (46) adjacents aux deux
surfaces du ou de chaque dit disque; des seconds moyens (342)
poursupporterle deuxibme groupe de transducteurs (47) adjacents aux deux
surfaces du ou de chaque dit disque (44); et des trolsibmes moyens (36)
pour commander lesdits premiers et deuxiemes moyens, afin de po- 45
sitionnor ledit premier group. de transducteurs et ledit deuxieme groupe de
transducteurs sur une pisbt s6lectionnee du ou de chaque dit disque (44),
caractefisee en ce quo 



lesdits troisibmes moyens (36) commandent l'enregistrement de donn6es de
maniere quo les don- n6es solent stock6es s6quentiellement sur des plates
concentriques sur une premiere surface du ou d'un premier disque (44)
jusqu'a co quo toutbs lea plates concentriques solent remplies par des
donn6es et so      qu'ensuibt les donn6es solent stock6es s6quentiellement
sur des plates concentriques d'une deuxieme surface du disque (44). 2.
Unite de disque selon Ia revendication 1, dans laquelle des donnees sont
enreglstrees sur une surface surdes pistes concentriques allant
progressivement vers l'exterieur et des donn6es sont enregistr6es sur 55
I'autre surface, sur des plates concentriques allant progressivement vers
l'int6rieur. 3.  Unite de disque selon la revendication I ou 2, dans
laquelle los plates ont une denslt6 d'au moins 1500 plates par pouce. 12
EP 0 505 363 BI                 c   L  M   S 4.  Unite de disque salon la
revendication 1, 2 ou 3, dans laquelle lesdites plates stockent une
servo-infor- mation et lesdits troisiemes moyens (38) commandent leadits
premiers et deuxibmeas moyens (341, 342) en reponse a ladite
servo-information. 5.  Unite de disque selon l'une quelconque des
revendications precedentes, dans laquello le boftier (22, 24) constitue un
environnement controle, isole des conditions atmospheriques ambiantes, et
le ou chaque disque (44) etant place dans ledit environnement controle. 6.
Unite de disque solon l une quelconque des revendicationa precedentes,
ayant une pluralite de disques (44a A e), de manibre quo des donnees
soientenregistrees progressivementsur lea premiere etdeuxibme surfaces des
disques successifs. 7. Unite de disque salon l'une quelconque des
revendications precedentes, dans laquelle les troisibmes moyens (38)
commandent lesdits premiers et deuxiemes moyens (341, 3423, de fagon A
positionner inde- 15      pendamment lesdits premier et deuxibme groupes de
transducteurs (46,47), de manibre quo lesdits pre- mier et deuxibme groupes
de transducteurs (46, 47) lisent tous les deux des donnees depuis ladite
piate selectionnee et enregistrent des donnees sur ladite plate
shlectionnhe dudit disque. 8. Unite de disque solon l'une quelconque des
revendications precedentbs, dans laquelle lesdits troisiemes moyens (36)
commandent lesdits premlers et deuxiemes moyens (341, 342) pour positionner
ledit premier 20      groupodetransducteurs (48) etleditdeuxieme groupe
detranaducteurs (47)de manibre quo chaque grou- pe de transducteurs solt en
mesure de lire des donnees depuis, et enregistrer des donnees sur, la
totalite desdites pistes. 9. Unite de disque solon l'une quelconque des
revendications prhcedentes, dans laquelle des quatribmes 25      moyens
sont prevus pour assurer une interface electrique entre lesdits troisiemes
moyens (36) et un or- dinatour hote. 10. Unite de disque solon l'une
quelconque des revendications precedentbs, dans laquelle lesdits trolsibmes
moyens (36) commandont la lecture et lenregistrement de donnees, de manibre
quo le positionnement 30      tomporel de la lecture et de lenregistroment
de donnees soit base sur une servo-information integr6e, lue A partir dudit
disque (5) par lesdits premier et deuxieme groupes de transducteurs. 11.
Unite de disque solon l'une quelconque des revendications prhchdentes, dans
laquelle lesdits premiers et deuxibmes moyens comprennent des premier et
deuxibme organes d'actionnement tournants, A bobine 36      mobile, montes
dans ledit boltier, leadits organes d'actionnement supportant des premier
et deuxibme groupes de transducteurs respectifs, adjacents A ladite surface
de stocicage de donnees du ou de chaque dit disque (5), avec des angles
d'inclinaison adaptes. Yj 40 45 50 13    


